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i. its multiplication and periodicity 
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University of Kansas 

Work on these much-discussed parasites was begun with a two-fold 
object: (1) to find the cause of their periodic disappearance from the 
human mouth, this phenomenon pointing to a solution of the life- 
history which has not been solved; (2) to determine by tonsil smears 
and sections whether this endamoeba is ever intracellular. 

MATERIAL 

The specimens used in this study were collected entirely from one 
host and from one point of infection, an upper premolar tooth which 
was the single focus of infection for a long while. Daily record was 
kept of the occurrence of these parasites for a period of over five 
months, from May 1 to July 29, 1915, and from October 10 to Decem- 
ber 12, 1916, as well as of health conditions of the host. 

Moreover, a study of the parasite was made at various times of 
day and night with a view to determining whether behavior varies 
with these conditions. 

My attention was first called to the suspected periodic disappear- 
ance of Endamoeba buccalis by one of my students, who was working 
on this parasite in the zoological laboratory of the University of Kansas 
during the winter of 1914. While the supply of material was usually 
generous, at times she reported it too scarce for study. Since then 
other protozoology students have reported finding it at times and 
being unable to do so at others. This did not seem to be wholly due to 
mouth cleaning, and suggested to me the possibility of migrations of 
the parasites into the gums or periosteum at the so-called "scarce times." 

While I set out with this as a pure hypothesis, my observations 
during five months have convinced me that E. buccalis appears and 
disappears, tho with not so much regularity as I had at first thought ; 
my journal shows nine scarce times in five months. 
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Since I have no definite proof for the ideas I am about to set forth 
in explanation of these migrations, I offer them only as strong circum- 
stantial evidence, with the hope that the suggestion may serve as a 
good working clue. 

METHODS OF STUDY 

For diagnostic purposes the fresh smear containing the living 
material is best. A small amount of scrapings from the point where 
the tooth joins the gum was spread on a cover-slip slightly heated. 
This was then placed upon a slide containing a small drop of normal 
salt solution. If a prolonged study is desired, the slip can be ringed 
with vaselin before being placed on the slide. I found this method 
much better than smearing the slide and then covering with normal 
salt and cover-slip, or than mixing the scrapings freely with the salt 
solution. The natural environment is most nearly reproduced by the 
hanging drop method, and it may be due to this that I was able to 
observe behavior which, so far as I know, has not been reported for 
this amoeba. 

Among intra vitam stains, neutral red differentiates the food 
vacuoles very quickly, but has the disadvantage of staining the whole 
parasite intensely in a short time. It brings out few points which the 
unstained, living specimen does not show. After a little experience, 
there is no danger of confusing the unstained endamoeba on a slide 
with the leukocytes. The endamoebae have a greenish refractive look 
which differentiates them even under the low power, where they appear 
smaller than a pin head. Even motion is not necessary. 

For nuclear studies, further investigation of food bodies, structure 
of cytoplasm, etc., material was preserved, stained according to various 
methods of protozoa technic and compared carefully for results. Need- 
less to say, the wet film method was adhered to thruout except in one 
process, and that at the very end of the Giemsa stain, just before 
mounting in balsam. Comparasion of a slide thus treated with one 
run into xylol and not allowed to dry, showed no ill effects, and the 
stain was better without the xylol treatment. 

The three methods generally employed were : 

(1) The short Giemsa. Bring the wet smear into half and half 
methyl and e,ther for 5 minutes. Transfer to a solution of Giemsa 
made by adding 1 cc. of stock solution to 15 cc. distilled H 2 for 8 
to 10 minutes. Wash with distilled water until pink appears. Barely 
dry in air and mount in balsam. 

This gives a beautiful differential stain for the amoebae, coloring 
the cytoplasm pale blue, their food vacuoles wine, and the nucleus vivid 
red. This stain brings out a halo of chromidia around the nucleus 
which other stains do not. Giemsa also differentiates leukocytes clearly 
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from even the smallest endamoeba because leukocyte cytoplasm stains 
pink and their nuclei deep lilac. Epithelial cells take a faint pink in 
the cytoplasm, and a deep pink nuclear stain. 

(2) Fixation with the methyl-ether mixture compares favorably 
with the picro-mercuric-formalin method, which is recognized as one 
of the most satisfactory fixations for protozoa. This latter fluid used 
hot and allowed to stand on the smear until it has evaporated almost 
completely, then washed in 70 per cent alcohol and stained by Dobell's 
quick hematein method, gives a very clear image of the nucleus, if 
properly differentiated. 

(3) A very similar effect is obtained by hot Schaudinn's fluid 
(80 parts Mg Cl 2 plus 20 parts absolute alcohol) followed by Heiden- 
hain's iron-hematoxylin used unripened. 

Mallory's stain recommended by Craig (1911) for sections was 
used on tonsil sections suspected of containing endamoebae, as well 
as on fresh smears of Endamoeba buc calls without satisfactory results. 

REPRODUCTION 

Most of the endamoebae found in smears contain nuclei in the 
resting stage ; and this as pictured in most texts and as shown also in 
my own slides by the mercuro-picric-formalin fixation and either Dobell 
or Heidenhain's iron-hematoxylin stains, has a nuclear diameter 
scarcely one eighth the diameter of the amoeba, a well defined mem- 
brane, with its inner margin lined with chromatin granules, and a 
central body or nucleolus (Fig. a). A clear area surrounds the nucleus 
in fixed material, and since it has been impossible to study it in the 
living condition, it cannot be determined whether this area is due to 
shrinkage or is what shows as a pink halo with the Giemsa stain 
(Figs, e and /). 

Material stained with Giemsa shows. outside of this so-called nuclear 
membrane, and in about the region of the clear area mentioned above, 
a halo of rose-colored granules, which I interpret as chromidia. Every 
nucleus stained thus shows this, and I conclude that it is present even 
in the very earliest resting stage of all Endamoeba buccalls, but is not 
brought out by certain stains. 

Craig (1916) believes E. buccalls has a primitive type of mitosis. 
My observations point toward a complex one. During the early stages 
of mitosis the nucleus enlarges and the karyosome disappears. Chro- 
matin collects on the nuclear membrane, making an irregular border 
(Fig. e) and leaving a clear central vacuole. At times the chromatin 
of this phase is so organized that it gives the appearance of a spireme, 
except that the vacuole at the center is always present. A halo of 
chromidia surrounds the dense chromatin and no doubt contributes to 
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its formation, since it grows paler as the chromatin condenses. The 
chromatin condenses into four very distinct bodies and the nucleus 
remains in this condition longer than in others, judging by the large 
number found on a slide in the prophase of mitosis. 

Whether these four bodies can be compared with chromosomes of 
higher animals, I do not know, because as soon as the spindle forms 
they mass and become indistinguishable. Yet they indicate very definite 
organization during at least part of mitosis. Figure g is the typical 
metaphase, Figure h the anaphase, and Figure i the telophase. In 
comparison with early stages of the nucleus these later spindle stages 
seem very small, the difference being due to the chromidia outside what 
is usually designated as the nuclear membrane. I doubt now whether 




Endamoeba buccalis. For details see text. 

a nucleus as represented in Figure a is the entire chromatin mass, since 
I have found chromidia in those of about the same phase stained with 
Giemsa (Fig. b). 

The spindles are distinct and give the appearance of having a cen- 
trosome at the poles. The size of the nucleus varies considerably, the 
larger ones being lodged usually in the larger amoebae; but there are 
frequent exceptions to this (Fig. /). 

I have occasionally found two equal-sized endamoebae lying in close 
contact and suggesting binary fission. A close study of these, however, 
has never revealed a dividing nucleus, but two well formed and widely 
separated ones. The cytoplasm was in every case completely separated. 
Very frequently two living endamoebae are seen gliding over each 
other and becoming so nearly fused that at times the most careful 
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observations cannot distinguish two separate animals. I have suspected 
that there may be an interchange of materials between two such indi- 
viduals, but I have never been able to confirm Craig (1916), who says 
he saw streaming of cytoplasm from one to the other. 

The incessant gliding of the amoebae over each other gives this 
appearance. This may be conjugation. I have never seen buccalis in 
the actual process of division. 

I have never seen buds form and become separated from the parent 
cell and then develop, tho endamoebae giving the appearance of bud- 
ding are frequent. At such times the cell resembles the pearl-stage of 
gregarines, but long enough observation has usually seen them with- 
drawn. It is usually an adverse condition, such as drying-up or low 
temperature, which causes this appearance. When proper conditions 
are restored, normality of form may be resumed. 

I have seen about half a dozen stained specimens which I interpret 
as multiple fission. This is a small number out of the hundreds of 
specimens passed in review, and yet multiple fission is probably a rare 
process, which does not take place in the mouth cavity. The suspected 
forms have no protective walls, have usually been found in close con- 
tact with leukocytes or epithelial cells, and are somewhat irregular in 
outline (Fig. k). 

There is no limited number of merozoites as eight or four in the 
E. coli and E. histolytica cysts, but the number may vary from eight or 
nine to more than a dozen. Those I have seen do not seem compara- 
ble to the reproductive cysts of E. coli and E. histolytica, but suggest 
rather the merozoite formation in Plasmodium, and probably serve 
merely to spread the infection in the host. 

Endamoeba buccalis follows the course of all protozoa in encysting. 
It first becomes spherical and inactive and begins to diminish in size. 
I induced a kind of encystment once by leaving E. buccalis sealed on a 
slide for six hours with the temperature gradually going down. These 
did not in that time change much in size, but the food vacuoles paled 
and seemed to dissolve in the cytoplasm. 

Normally, encysted forms are from one-half to two-thirds the size 
of the active trophozoite ; they usually show some faint, rounded inclu- 
sions, probably the remains of food vacuoles, and a clear wall slightly 
spaced from the animal protoplasm proper (Fig. /). Encystment 
seems to be for protection against adverse conditions rather than for 
multiplication, as is shown by the following observations. 

RELATION OF HOST AND PARASITE 

Encystment with this form is not as rare as Craig (1916) believes. 
One strain followed daily for months will show the encysted condition 
from time to time, and my records show that encystment in Endamoeba 
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buccalis is closely connected with the "scarce periods." As stated pre- 
viously, daily examinations showed numerous active endamoeba in the 
scrapings from a tooth for ten and fourteen consecutive days. Then 
would intervene two to four days when few could be found, though 
the same region was carefully explored. Such forms as may be found 
at these scarce times are recorded as "sluggish," "spherical," "encysted." 
Most of the active forms left were small. Very deep probings into 
the gums around the tooth sometimes procured a few larger ones, tho 
finally even these would fail. 

Often when the parasites became numerous again they were slug- 
gish and half encysted (Craig's precystic stage) for a day; then they 
became active and flourished again as usual for two or more weeks. 
Once they did not disappear for four consecutive weeks, but at the end 
of that time they were gone completely. 

Now what is the explanation of this periodic appearance and dis- 
appearance? I laid it at first to mouth-cleaning, until that was care- 
fully tested out. I then considered that changes in the host might 
account for it, and following out that clue I found by my journal that 
practically every period of scarcity was accompanied by a time of low 
vitality on the part of the host as manifested by some slight indispo- 
sition. Indigestion accompanied at least three of these disappearances. 
I concluded that physiological changes of the body, whether normal or 
abnormal to the host, change the chemical reaction of the body fluids, 
notably the saliva in this case. These changes may be too slight even 
to be analyzed, and yet they affect the very sensitive endamoeba living 
in that medium. As in the case of free-living amoebae, encystment 
follows when conditions change from the normal, so with buccalis, 
when the saliva changes in its chemical qualities, the parasite encysts 
either partially or wholly. It withdraws into the periosteum, however, 
for this purpose. 

Further evidence for this was furnished by extracting the infected 
tooth during a scarce period. The endamoebae had flourished for 
four weeks and then disappeared; for two days none had been found. 
The tooth showed an ulcer at the root, and by aid of the binocular 
many lesions as described by Bass and Johns (1915) were seen on the 
periosteum. These lesions examined microscopically showed many 
leukocytes and few amoebae, but on the periosteum around them, and 
especially where it joined the tooth, amoebae were extremely numer- 
ous. These seemed to be in very close contact with the tissue, tho some 
were removable by means of a fine scalpel. All of the endamoebae 
thus found were in partial or complete encystment. 

I think this withdrawal of Endamoeba buccalis to the gums to 
encyst explains why encystment has been so seldom reported. I believe 
further that the end of the reproductive phase, binary fission, occurs 
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normally either in the gum tissue or in close contact with it; for 
although spindles are frequently seen in smear preparations, actual 
division of the cytoplasm has never been seen. Since the gums of 
infected patients cannot be sectioned, I now have under way a study 
of the tonsils in the hope of throwing light on the intracellular phase 
of the life-history. An understanding of the periods of disappearance 
of E buccalis would be valuable in the treatment of pyorrhea if it be 
caused by this parasite. 

TONSIL STUDIES 

With a view to determining whether Endamoeba buccalis is ever a 
tissue dweller, I have studied the surface scraping of tonsils both before 
removal from the patient and after. In only one case did I find enda- 
moeba in the fresh smear, and their detection is certain if they occur. 
In no case have I been able to identify parasites in the paraffin sections. 
In view of the fact that Smith, Middleton, and Barrett (1914) found 
amoebae so plentifully on the tonsils examined, I have been surprised 
to find none in any of my examinations. If E. baccalis is a tonsil para- 
site, it seems very probable that it penetrates the tissue of so soft an 
organ and undergoes some interesting stages of development which I 
believe are constantly taking place in the gums, but which I have no 
means of demonstrating. 

As my work in this direction is scarcely begun, the negative results 
thus far are by no means conclusive or even discouraging. 
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